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HISTORICAL INTRODUCTION

Very few fossil plants have ever presented a more distinctive anatomy or more

challenging problems than the Cretaceous Tempsykas. It is perhaps well to point

out in these first few lines that we do not pretend to have arrived at a final ac-

counting of all the existing gaps in our knowledge of these ferns. However, cer-

tain significant facts have been discovered concerning their habit and the plants

associated with them in life which will stand unchallenged, while our interpreta-

tions may raise doubts or be modified by future investigations. It is intended that

this should be taken as simply another chapter in our growing knowledge of the

Tempskyas.

Through a most fortuitous circumstance that has been described elsewhere

(Andrews, '47) I was able to comb certain of the hills in southeastern Idaho^ in

This study was aided by a grant from the Penrose Fund of the American Philosophical Society,

^Collecting activities were carried on by the senior author and certain persons in Idaho whose
names are given in the Acknowledgments and elsewhere in this paper.
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the early summer of 1942 under the guidance of Mr. W. A. Peters of Jerome,

Idaho, chiefly in search of petrified trunks referred to the genus Te?npskya, In a

technical paper it may seem out of order to dwell on an introduction to the subject

at hand, yet there are so many details of botanical, historical, as well as general

human interest, attached to this group of plants that we believe they should be

recorded for the benefit of those who may continue with studies of this and other

plant groups in Idaho.

In the summer of 1939 I was presented with a small fragment of a Tempskya

which had been collected in a gravel pile near the Haddenham fossil shop at Fossil,

Wyoming. At that time even a fragment seemed like a treasure —it meant material

for class study, but, of greater importance, it meant that Tempskyas should be

found in much more abundance near by. In later years we traced the probable

origin of that fragment to an Upper Cretaceous horizon running north and south a

few miles to the east of Kemmerer, Wyoming. It was not, however, until an abun-

dance of large, well-preserved specimens were found in the adjoining Idaho hills

that we became fully aware of the importance of these plants in the Cretaceous

vegetation.

Through an intimate knowledge of their countryside, a number of local col-

lectors have enabled us to acquire a considerable quantity of specimens. The vig-

orous collecting activities of Mr. C. Henry Thomas, of Wayan, Idaho, and Mr. E.

Manlon, of Firth, should be noted in particular. Among the numerous westerners

whose acquaintances have enriched my life and laboratory the name of Henry

Thomas should be recorded as a great collector and a Tempskya specialist. In his

assiduous search for these fossils he may be compared only with Wieland, who

collected cycads in the Black Hills, or the early bone hunters such as Sternberg or

Hatcher. It is a comparison on a smaller scale and of a somewhat more specialized

nature, but the pioneering spirit and prodigious productivity differ but little.

My first contact with Mr. Thomas was in 1942, when he still occupied his

former ranch on the Williamsburg bench area. I was not prepared to lunch in these

rather remote though beautiful hills with a rancher whose cabin was lined with

hundreds of books. While lacking the literary capacities of a Thorcau it was soon

evident that here was a man who understood and appreciated the world he lived

in. At the rear of Mr. Thomas's cabin a wooden platform already displayed scores

of fine Tempskyas collected mostly within a radius of a few hundred yards. En-

couraged by Dr. Roland W. Brown and myself, Mr. Thomas set to work scouring

the near-by hills with increased interest and enthusiasm, with the result that the

collection has been increased manyfold, consisting now of some few tons of fine

specimens. In all probability far more than in all other collections combined

(fig. 2). Believing that the Tempskyas are destined to occupy an important niche

in Cretaceous floras, I requested Mr. Thomas to write in his own words a few lines

pertaining to his discovery of the fossils in this region. This has been included in

the Appendix for such historical interest as it may have for future paleobotanlsts.
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THE PRESENTSTATUS OF OURKNOWLEDGEOF TEMPSKYA

Although petrified trunks belonging to the genus Tcmpskya were discovered

well over a century ago in Europe, the first really informative accounts of these

plants were those given by Kidston and Gwynne-Vaughan in 1911, and Seward in

1924, More recently Read and Brown ('37) and Read ('39) have given us much
more comprehensive treatments. A detailed review of previous contributions is

included in their account and will be repeated here only in so far as is necessary

to orient the reader and to compare our findings and concepts with those of

previous workers.

It is especially important to note that prior to Read and Brown's important

work all descriptions had been based on either very poorly preserved specimens or

a few fragmentary ones. The only possible exception to this statement is Seward's

description of Tcmpskya Knowltofti from the Colorado shale of Montana. A de-

tailed consideration of that specimen will be taken up later. This historical aspect

of the subject is particularly significant in the case of Tcmpskya for its anatomy

is so peculiar as to lead to highly erroneous conclusions concerning the habit of the

plant unless adequate material is available for study.

Six species of Tcmpskya have now been described fiom North America. These

include a specimen from Maryland described by Berry in 1911. According to

more recent workers this was very poorly preserved and is of little interest or

importance other than as a geographical record for the genus. Later Seward de-

scribed his T. Knowltoni from Montana, and in 1937 Read and Brown described

two more species and recorded specimens from a considerable number of localities

in Wyoming, Idaho, Utah, Montana, and Oregon, Most recently Arnold ('45)

has described two more species, Tcmpskya WcsscUi and T. wyamingcnsis^ from

Montana and Oregon, and Wyoming, respectively. Combined with the previous

European reports which record specimens from Russia, Bohemia, and England, the

wide distribution of these plants in Upper Cretaceous times is well established.

We should like to emphasize that our own studies have not been primarily of

a taxonomic nature. We are inclined to doubt that certain of the better-known

American species are sufficiently distinct to warrant the specific names that they

bear but with this phase of the Tcmpskya story we have no quarrel or primary in-

terest. When dealing with anatomical characters it is not always possible to

arrive at entirely satisfactory criteria for the segregation of species. In the rather

large quantity of material that we have had available for study there is consider-

able variation In the gross form of the trunks, but with the exception of a very

few specimens it has seemed most feasible to assign all of these to one species. Our
efforts have been directed primarily toward arriving at a clearer concept of the

general habit of the plants, their ontogenetic development and physiology. In

pursuing this course we have perhaps tended to put less emphasis than previous

workers on the segregation of species. However, In view of the undeniably close

relationship of the species of Tcmpskya we do not feel that our approach has

materially slighted a sound taxonomic treatment. While we have sectioned many
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specimens through a wide variety of size and shape, a great many others, par-

ticularly the larger ones in the Thomas collection, have not been available for this

purpose. Webelieve that we have studied In cellular detail an adequate number of

representative specimens, and from scores of others we have drawn information

concerning the habit of the plants. There Is obviously some practical limit to the

number of specimens that can be handled, and with some field experience with the

Tempskyas one may select representative material with a minimum danger of

missing essential details.

A typical transverse section of a Tcmpskya trunk reveals a most unique

anatomy. It consists of numerous, small, siphonostelic stems held firmly together

in a dense matrix of diarch roots (figs. 24, 28). Taken individually, the anatomy

of a single stem is not unlike that of a modern maidenhair fern (figs. 20, 21, 22),

such as Adiantum pedatumy while leaf traces are given off in two rows toward the

nearest external point of the trunk (text-fig. 2). This unit aggregation of many

branching stems with their petioles and roots has been called a "false-stem" by

previous writers. It is, we feel, a superfluous term as well as somewhat misleading.

If a special term must be used it would be more appropriate to call it a "super-

stem," and while an adequately descriptive phrase would be cumbersome, we have

preferred to use the term tnink as one that involves no new creation and can

hardly be misinterpreted.

In order to define clearly the objectives in our own study It may be most ex-

pedient to note the chief gaps in our knowledge of these fossils. Sufficiently large

collections had not been available for study to settle many of the concepts con-

cerning the habit of the trunk —whether It was creeping, ascending, or upright.

Read ('39) has discussed this In some detail In an Interesting and critical paper.

The Ontogeny of the trunks, their unique physiological set-ups, and the manner

in which the foliage was borne present problems that have been but partially

explained. It is to these categories that we have been especially drawn. Further-

more, previous work on Tcmpskya has offered but little evidence of the kinds of

plants that were associated with them In life. Wehave been fortunate In finding

in the Wayan, Idaho, district the fossil wood of a conifer, a dicotyledon, as well

as a cycad specimen with the silicified fern trunks.

THE LOCALITIES. AGE AND AREA

The greater part of the Tcmpskya specimens In our collection and all of those

in the Thomas collection were obtained from an area of a few square miles im-

mediately east of the Wayan post-office. In order to show this area precisely we
have reproduced in text-fig. 1 the northeast corner of the United States Geological

Survey's topographic map of the Lanes Creek quadrangle. Although the silicified

trunks have been gathered over the greater part of this territory the most produc-

tive areas are shown within the dotted lines. Most of the collecting that has been

done has been simply a matter of exploring the surface of the hillsides and small

stream beds. Excellent material is obtained In this way, and in most cases the

specimens show no evidence of long transport either before or after fossllization.
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During a week's collecting in the autumn of 1945 two days were spent ex-

cavating in section 27 in the bank of a draw from which Mr. Thomas had previ-

ously obtained some exceptionally fine material. Many of his largest and most

complete trunks were obtained from a pit at this location. In the course of about
r

three hours' digging one may expect to take out as many hundred pounds of speci-

mens. However, with the exception of one other pit, very little digging has been

attempted in this area. It seems likely that large quantities of the fossils remain .

underground.

This topographical area falls within the bounds of the Wayan formation al-

though the exact position of the latter within the Cretaceous is still uncertain.

The most detailed stratigraphical account of the region is that of Mansfield ('27)

in which it is noted that "Definite correlation of the Wayan formation is impos-

sible at present." In a chart showing the geographical distribution and strati-

graphical correlation of Tempskya deposits in the United States, Read and Brown

have tentatively placed the Wayan formation near the base of the Upper

Cretaceous.

In 1942 Mr. E. Manion, of Firth, Idaho, kindly guided a small party of us to

a hillside approximately 25 miles east of Ammon, The exact position of this

locality Is: NW'A sec. 5, T. 2N, R. 4lE, Hell Creek quadrangle, Idaho. Speci-

mens have been found here in some abundance although the area is limited to a few

acres in extent. The locality was revisited in 1946 and a dozen small specimens

obtained. On that occasion we continued our search in the surrounding hills with-

in a radius of two or three miles but found no other fossils. It is to be wondered

that any one should have ever happened on this small outcrop, yet we feel that

there must be many more in the vast extent of the Cretaceous beds that go far to

the south. This locality lies approximately 3 5 miles northwest of Wayan and in

all probability represents an extension of the same Tern pskya-hc:inng beds. Speci-

mens obtained here are generally well preserved although they do not differ

anatomically from those collected near Wayan. This will be referred to as the

"Ammon locality" in future references in this paper.

In Wyoming, shortly to the east, Tempskya is found in the Aspen shale and

the Thermopolis shale, both of lower Upper Cretaceous age. Tempskya Kuowltoni

from Montana was found in the Colorado shale which extends into the middle

Upper Cretaceous, while Berry's T. Whitei was derived from the Patapsco forma-

tion in Maryland, of upper Lower Cretaceous age. T. Wessel/i (Arnold, '45) is

reported from the Kootenai formation northwest of Great Falls, Montana (as well

as a placer outwash at Greenhorn, Oregon). There is a possibility that the Mon-

tana specimens may have weathered out of the overlying Colorado group (Arnold,

'45, p. 26). T. wyomingcnsis was found twenty miles northeast of Grcybull,

Wyoming. Arnold notes that "Fragments of Tempskya are widely scattered

within the valley of Beaver Creek and its tributaries, but they are nowhere

abundant. They have been found only where the Morrison formation is exposed

and arc associated with enormous numbers of dinosaur bone fragments and
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gastroliths;".

It is thus clear that the Tempskyas ranged from the upper part of the Lower

Cretaceous through middle Upper Cretaceous times.

SIZE AND FORMOF THE TRUNKS

With only one or two exceptions all the Tempskya specimens that we have ex-

amined from the Wayan and Ammon localities compare most closely with

Tempskya Wcssclii Arnold. Although the following discussion is based on this

species unless otherwise noted, the views that are expressed concerning its habit,

ontogeny, and physiology are probably generally applicable to the genus as a whole.

Some concept of the size that the Tempskyas attained was known as early as

1836 from Fitton's description of a trunk 9 feet long and 12 x 4 inches in

diameter, found in the southeast of England (Stopes, '15, p. 14). Much more

recently Read has reported trunks up to 10 inches in diameter. The largest speci-

men in the Thomas collection, and so far as we are aware the largest yet reported,

is 16 inches in diameter. Other fragmentary specimens, which do not constitute

complete transverse sections, indicate trunks of even larger size, so that a maximum
of 18 or 20 inches in diameter seems very likely. It is thus clear that these were

plants of no mean magnitude, although the evidence indicates that they did not

attain a great height.

As a matter of convenience we shall consider the hundreds of specimens in
r

the Thomas collection in three categories: basal specimens, tips, and intermediate

portions which will be called discs. This latter term will apply to any specimen

that is complete in transverse section but may be quite variable in length.

The bases, —One of the chief objectives of the 1945 trip to Wayan was to

obtain basal portions of the trunks in order to shed further light on their general

habit; that is, whether they were ascending or upright. Fortunately some fine

specimens were collected in the field and others located in the Thomas collection.

In all cases the specimens which we have interpreted as being the basal portions

flare outward slightly at the very bottom (figs. 3, 5, 7), present a characteristic

knobby lower surface, and are composed exclusively of roots. It is apparent, as

Read and Brown have pointed out, that the stems in the older, basal portions of

the trunks decayed completely, their place being taken by roots. A more detailed

discussion of the anatomical details will be given later.

The basal periphery and under surface of these stumps are distinctive. The
former is characterized by slightly buttressed, rounded projections and the latter

by shghtly raised knobs and cavities, or in a few instances by one large shallow

cavity. The general uniformity of these specimens would seem to support the

view that they represent the original stump portion of the trunk and not simply a

broken sector taken from some higher level. It is pertinent to add, therefore, that

they are all upright, indicating perfectly erect trunks.

One cannot be certain whether the roots extended out uniformly in all direc-

tions or whether they tended to aggregate into more massive "compound roots."

The knobby character of the extreme base may point to the latter explanation
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Text-fig. 2. A diagrammatic drawing of a transverse section of specimen T3 8 (peel 14)

showing the distribution of the stems and the position of the xylem of stele and petiole traces. It

may be noted that stem branchings are numerous and the trunk is radially symmetrical with respect

to departure of the traces. Natural size.
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although this is oflFered only as a suggestion. An objection may be raised that

these small almost microscopic roots (pis. 20, 21, 24) could not have adequately

anchored such a massive trunk. When it is considered, however, that they probably

radiated out by the tens of thousands, that at some points they may have been ag-

gregated to form compound roots, and that the individual roots possess an extremely

stout sclerotic cortex (fig. 19, etc.), there can be no doubt that their supporting

capacity was very great. Another objection may be raised that this knobby sur-

face is an erosion artifact caused either before or after fossilization. However, the

sides and upper surface of these specimens show no such effect, and the stumps

always flare outward slightly at the extreme bottom, as might be expected.

The disc specimens, —The specimens that we have interpreted as being basal

^nd terminal portions of trunks are considerably in the minority, which indicates

that the plants did attain a height of at least some few feet.

If the cross-sectional form of these disc specimens could be depended upon as

a specific taxonomic character the number of species represented would be very

nearly endless. Different specimens vary from circular, to broadly elliptical, to

strongly flattened In transverse section (figs. 10, 24, 25); and one specimen was

found in which the trunk is crescent-shaped (fig, 9). Since we have not been

able to observe any correlation between these variations in form and the internal

structure of the trunks, such variations would seem to be of no taxonomic sig-

nificance. It is possible that the variously flattened specimens have resulted from

crushing caused by overlying sediments prior to silicification. A more detailed

anatomical consideration bearing on this problem will be given on a later page.

The size and form variation of some specimens in the Thomas collection is

recorded in Table I, this information having been compiled chiefly with the view

of arriving at some concept of the height that these plants attained. In compiling

these data a representative selection of specimens has been taken, all of which were

complete in transverse section. Many more might have been added to the list, but

in general they would have affected only the quantitative aspect of the table.

Since none of the specimens represents a complete trunk we cannot arrive at an

exact figure for the height of a plant in life; however, from many observations of

their diameters and the rate of tapering we may calculate a reasonably dependable

minimum. In the cases of the base and disc specimens we have recorded the

diameters at both ends in order to indicate the rate of taper. Of the terminal

trunk specimens only the basal diameter can, of course, be given.

An examination of these figures for the trunk (disc) specimens will show that

none of them taper abruptly from one end to the other. Such tapering is found

only In the undoubted terminal specimens. The longest one that we have ob-

served is in the Manion collection (specimen A), from the Ammonlocality, and

through its length of 21 inches it displays no tapering. The same holds true in a

general way for the basal specimens, which flare slightly at the extreme base but

otherwise eive no evidence that the trunks were very short (figs. 3 and 7).
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TABLE 1

MEASUREMENTSOF A RET^KESKNTATIVE COrLECTION OF TEMPSKYASPF.CIMENS

Specimen number

9

Nature of speclmenf

11

19

21

26

Tr

Tr

Tr

T
Tr

31 T
32 Tr

33

38

39

40

Tr

Tr

T

Tr

42 Tr

45

4rt

47

48

Tr

Tr

Tr

T

51

A (Manion coll.)

W. U. (T216)

Tr. (near base)

T
Tr

6

10

B

13

22

25

34

fi

B

B

B

B

41

43

44

B

B

B

49

23

24

W. U. (T47)

W. U. (T230)

B

Ti

Ti

Ti

Ti

Diameter (s) In inches

9. X 6.5:|:

11. x7.

9.3 X 6

10. X 7.

n. X 104:1;

12.3 X 10.5

4.7 X 2.5

6. X 4.

14. X4.7

8.5 X 6.5

9. X 7.

7. X 5.

8. X 5.5

13. X 7.3

8.75

6.5 X 6

5. X 3.3

5.7 X 3.7

9.3 X 5.3

10. X 5.3

14

16

9.

6. X 4.5

7. X 5.5

7.

7.5

8. X 5.5

9. x7.

11. X 7

12.5 x7

6. x3.7

6. x3.5

10.5 X 5.

5.5 X 3.7

3.

4.3

X 1.7

X 2.

16.7 X 13.

8.7

9.

X 9.7

X 10.

9.5

9.

X 4.

X 6.

9J
8.7

X 7.3

X 7.3

9.5

11.

13. X 12.

7.

7.5

X 4.3

X 5.5

8.5 ^ 13.35

10. X 4.5

Length in inches

12.3

il

11.

6.

11

11.

10

13.

6.

7.

7.

6,

11.

10.

7.

9.

10.

21.5

16.

8.

9.

9.

8.

7.

15.

10

12.

9.

12.

7.

12.

7,

8.5

* Specimen numbers refer to the autlior's field notes, all measurements being taken from specimens
in the Thomas collection unless otherwise indicated. jTr —trunk (disc) ; B—base; Ti tip.

JA slightly elliptical specimen, the figures In the upper and lower lines being for the top and
bottom diameters respectively. :|::l:No appreciable taper of the specimen, the top and bottom
diameters being the same. JNo appreciable taper, and the specimen is cylindrical or nearly so.
55In t-he case of tip specimens this refers to the diameter at the base.
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In this respect it is necessary to consider the internal structure of the trunks.

The densely compacted stems and roots that make up the trunks must have had in

life the consistency of a very tough strand of rope. In texture it probably was not

unlike an Osmunda rhizome with its vast coat of petioles and roots. In the

Tempskya trunks, however, there were many stems and the whole aggregation was

bound together very tightly. Thus while the trunks must have been very tough

they were probably not extremely rigid. The thousands of roots created a closely

interwoven unit; yet, lacking an interspersed ground tissue, such a height as is

attained by a coconut or royal palm would seem to be improbable. One other

pertinent point may, however, be mentioned here. Unlike other unbranched,

columnar trees such as living palms, tree ferns, and cycads, Tempskya bore very

small fronds, as Is evidenced by the relatively minute size of the petioles, and we

shall offer evidence that these were borne not merely in a crown at the top but for

a considerable distance down the trunk as well. Thus, in all probability the

Tempskyas did not have the mechanical problem of a large weight of foliage con-

centrated at the top, a feature which allows for a considerably taller trunk than

might otherwise be expected.

It may be noted that some of the longest specimens from the Wayan region

(Table I, Nos. 33, 34, T216) display but little tapering from one end to the

other. The nineteen disc specimens considered in the table all have an average

taper of approximately .6 inches per foot. Thus, assuming a uniform taper

throughout, a trunk 10 inches in diameter at the base would taper to a point at a

height of about 16 feet. This is probably in excess of the height actually attained

since, among other factors, the apex of the trunk tapers abruptly to a blunt point

(figs. 26, 27). From the terminal specimens at hand we may suppose, then, that

at a diameter of 3 or 4 inches our trunk terminated, giving a height of about 12

feet. In view of the relative proportion of basal and terminal trunk specimens

along with the discs this figure seems quite reasonable.

The specimen of maximum diameter (#51 in the table) measures 14 and 16

inches at the upper and lower ends, respectively, and is 10 inches long. This had

been exposed for some time prior to collection and is somewhat lichen-encrusted.

No evidence of stems could be observed in the transverse sections, indicating that

the specimen came from near the base of a trunk, although it does not represent

the basal-most portion as both end surfaces are Irregularly broken. On the basis

of the estimate given above for' a trunk 10 inches in diameter it is possible that

this specimen may represent a plant that attained a height of about 19 feet.

Prior to the publication of Read and Brown's work, accounts of Tempskya

were based on so few, as well as fragmentary, specimens that a satisfactory concept

of the habit of the trunks was not possible. Read has more recently presented a

more detailed discussion ('39) dealing with "The evolution of habit in Tempskya,*'

While certain of his concepts are clear-cut and sound, we are not able to agree in

all respects with his conclusions. Read states, "In short, the writer's concept of

the growth form of the dorsiventral false stemmed species of Tempskya is an as-
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ccndlng, climbing type of fern with numerous liana adaptations. It is of course

obvious that the very basal portions of the stem were horizontal or oblique. How-
ever it is doubtful if these subterranean portions developed the dense mass of

parallel roots characteristic of the false stem. Rather they must have been

markedly divergent." (p. 70).

In the hundreds of specimens that we have collected or studied from the Idaho

localities the evidence points toward an upright, self-supporting trunk without

liana adaptations, and we cannot agree that It Is "obvious" that the basal portions

were horizontal or oblique. Our evidence as gained from a study of the external

form of the trunks may be considered first.

It seems significant that we have encountered only two specimens (one shown

In fig. 8) which show any noticeable longitudinal curvature. Basal specimens give

no evidence of other than upright habit from the start.^ Two concepts that seem

to have become indelibly impressed in the minds of those paleobotanlsts who have

seriously studied the Tempskyas deserve analysis at this point. The first of these is

based on the specimen of Tempskya Knowltoni described from Montana by Seward

in 1924. That specimen Is described and figured as being 3 3.5 cm. long and obcon-

ical in form, the supposed basal end being 1.5 cm. In diameter and the enlarged

apical end 6.5 in diameter. It is certainly apparent that a Tempskya trunk of such

an obconical form would have been mechanically incapable of attaining any appre-

ciable height, and even if it could in such a small specimen as this It must have

been dangerously top-heavy. A very likely flaw, however, in Seward's interpreta-

tion of this as a complete trunk lies In the anatomy of the specimen. He has indi-

cated (text-fig. 2, page 490) that the trunk is anatomically dorslventral, that is,

the petioles for the most part pass out toward one side. Read and Brown likewise

figure Tempskya minor as showing predominantly dorsiventral orientation of the

stems composing the trunk. We feel that it is very likely that these authors have

been dealing, in such cases, with portions of much larger trunks in reaching these

conclusions. By sectioning some 70 specimens and preparing peel preparations of

the entire transverse surface we observed the course of the stems and petioles.

These specimens have ranged from 5 to 30 cm. in diameter, and in nearly every

case, whether the trunks were circular or oval In transverse section, the orientation

of the stem-petiole organization with respect to the trunk as a whole is strictly

radial, —that is, the petioles depart toward the nearest outer 'point of the trunk.

This evidence of radial arrangement is based, furthermore, on trunk specimens

that show no indication of appreciable weathering or fracturing. There can be no

doubt that they represent complete transverse sections, with the exception of the

outermost projecting stem tips and petiole bases. Seward Indicates, moreover, that

with his specimen "the surface appears to be waterworn." Evidence from a few

specimens could thus be very misleading, and fragmentary ones must be expected

In the earliest stages of the sporeling the first formed stem may have been creeping or ascending,
but concerning this no information is available.



1947]

ANDREWS& KERN IDAHO TEMPSKYAS 131

to display this apparent dorsiventrality. Specimens in our own collection, as well

as many in the Thomas collection, would, individually, give this impression if

complete transverse sections were not available for comparison. We do not wish

to criticize Seward's very excellent anatomical study of the single specimen he had

available, but rather we wish to point out the errors of interpretation that

may readily result from conclusions based on sucK limited material. The over-all

shape of his specimen also argues most strongly in favor of our view that it is

but a fragment, for in all of the Idaho specimens the basal portions are clearly the

largest in diameter and taper toward the apex. A more detailed consideration of

chis feature may best be saved for the following section dealing with the ontogeny

of the trunk. (Also see discussion of the living Dicksonia fibrosa on page 145).

Bower has shown ('35, fig. 296, 1930, etc.) that in the ferns the young sporo-

phytes are obconical in form, but it must be remembered that this is most apparent

during the very early stages. Generally, the stelar system soon attains a maximum
diameter as in most of the rhizomatous forms, or increase in diameter is rendered

possible by polystely of one sort or another. The ferns have been remarkably adept

at modifying their primary stelar tissues to make up for a lack of mastery of the

cambium. Such rather divergent structural types as are represented by Psaronius

and Tempskya illustrate the high state of organization that has been made possible.

In the case of Tempskya we do not know what the wery earliest stages in the de-

velopment were like but there can be little doubt that maximum individual stelar

size was soon attained and that stelar divisions started very soon after the sporeling

stage. Perhaps during the first two or three feet of vertical growth the trunks

were obconical, although it is most likely that root development soon counter-

acted this to produce a trunk that generally tapered from the base toward the apex.

The tips. —We have in our own collections three specimens of the terminal

portions of trunks, all of which (figs. 26, 27) taper rather abruptly to a blunt

apex

THE ONTOGENYOF THE TRUNKAND THE RESTORATION

With the exception of the basal ones, characterized by their anatomical compo-

sition of roots and distinctive external features, all the specimens that we have

examined display, in transverse section, stems scattered quite uniformly through

them, from the extreme periphery to the center. Some specimens show consider-

ably more stems per unit area, which is due, in part at least, to the position of the

section, whether nearer the base or apex of the trunk. One of the most striking

anatomical features is the short life span of the leaves. It is not possible to indicate

precisely how long a frond persisted, but judging from modern ferns, cycads, and

palms it probably was not more than one year. The evidence for this lies in the

fact that petioles are found only in close proximity to the stem from which they

were derived. Thus is would seem that any single stem must have been at the out-

side of the trunk, terminally or laterally, at the time it was bearing active petioles.

Previous workers have assumed that the Tempskya trunks bore a crown of

fronds at the top in a fashion generally comparable with that of a modern tree
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fern or cycad. The only previously figured restoration is that of Kidston and

GWynne- Vaughan*s which appeared in Stopes ('15) Lower Greensand flora. In

that restoration a ring of stems is shown composing a sort of compound crown

at the top. They are shown branching two or three times, each with a rather

dense cluster of leaves. From our observations, such a supposed habit is quite

contrary to the evidence afforded by the internal structure of the trunks, as well

as the external form of the tip specimens.

The tendency to compare these fossils with modern plants such as tree ferns

and cycads is understandable. However, in Tcmpskya we are dealing with a dif-

ferent mode of increase in the diameter of the trunk, as well as a highly unique

physiological set-up with regard to photosynthesis and transport of fluids. While

most tree ferns, palms, and cycads bear a crown of relatively few, large leaves the

Tempskyas bore a great many small ones, as is evinced by the minute size of the

petiole (figs. 20, 28), It is evident from the dimensions of the petioles, by com-
parison with those of living ferns, that the fronds must have been very small,

probably little more than a foot long. The physiological problem of Ught rela-

tionship where numerous relatively very small fronds are aggregated at the top

of the trunk has not previously been given the consideration that we believe

is necessary for a reasonable concept of the habit. A quantitative comparison with

plants of supposed similar habit will clearly point out the difficulty.

We have measured the trunk and petiole diameters, as well as the number of

leaves in a crown, for some cycads, palms, and a low-growing tree fern that are

cultivated in the Missouri Botanical Garden greenhouses. The data are presented

in Table II, together with those for a few representative specimens of Tcmpskya

Wesselii. A comparison of these living columnar-trunked plants, with their

crowns of leaves at the top, with the trunks of Tcmpskya reveals certain significant

structural divergences. A wide range of trunk types has been purposely included,

and of them we may immediately eliminate from close comparison those with tall

and uniformly slender trunks and a few large leaves, such as the palms Hexopction

mcxjcanum and Cbamacdorea Tepejiloie. These plants are In no way comparable to

the more massive trunks of Tcmpskya, The stouter-trunked forms such as Pbocnix

rcclinafa, and more especially P. dactilifera, present a closer structural comparison.

The frond/trunk relationship Is, however, worth careful consideration. Two
specimens of P. dactlJifera in our greenhouse measure about 12 and 14 feet high,

respectively (up to the crown of leaves), and these have diameters of 14 and 16

inches, respectively, including the very heavy armor of leaf bases, the latter ac-

counting for at least one-third of the trunk diameter. Of particular interest is

the base of the petiole which tapers from 4 inches (in its wide diameter) close to

the trunk to lYz inches through a distance of 12 inches. A generally similar or-

ganization prevails in the larger-leaved cycads, the basal portion of the petioles

being stoutly bulbous to support the weight of the leaf. In all cases we have

prepared the petiole/trunk ratio from measurements of the petiole out beyond this
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TABLE II

A COMPARISONOF CERTAIX MORPHOLOGICALDATA IN LIVING PLANTS WITH
SPECIMENS OF T, WESSELII

Living plants

Cycas niicholtzii

C. cirdnalis

C siamensh

C. rcvohtta

Dfoon spinulosum

Enccphalartos

aUcnsteinii

Ciboiiutn sp.

Phoenix reclinata

P. dactilifcra

Hexopction mcxicannm

Chamacdorca Tcpejilote

Thritjax parti flora

Caryofa nrcns

Ratio of petiole

diameter to trunk

diameter

1:13

1:11

1:9

1:24

1:9

1:10

Fossils

Tetnpskya Wcsselii

specimens

T18
T3 3

T51
T90

1:11

1:4

1:10

1:4

1:3

1:2.5

1:2.5

Number
of leaves

in a crown

15

22

40
'16

40

12

27

28

10

4

15

5

Remarks

Very little taper to trunk, which is en-

closed in dense armor of leaf bases.

Trunk encased in very dense armor of

leaf bases.

No appreciable change in diameter through

Its 10 feet of height.

Very slender clean trunk with little

change in diameter through its 8 feet.

Gently tapering trunk, clean below with

bulbous base 5 in diameter which tapers

to about 3" at departure of first leaf.

Trunk ensheathed with closely appresscd

leaf bajes, uniformly tapering from 5

at ground to 3" where first leaf is given

off at height of 6'.

great basal swelling. Turning to the Tempskyas, in specimen T3 3 the mean ti-unk

diameter is 170 mm. and the petiole diameter (taken immediately after the de-

parture of the petiole from a stem) Is 2.7 mm., the petiole/trunk ratio being 1:63.

In comparison with a stout columnar cycad such as Cycas sia?nensis with a trunk
J

10 inches in diameter (including the leaf bases) and a height of 9 feet, with a

petiole 2 inches in diameter close to the base we have a corresponding ratio of 1:5,

or when the petiole diameter Is taken out beyond the swollen base, a ratio of 1:9

as shown in the table.

The larger-leafed cycads and palms have, as might be expected^ an exaggera-

tion of this enlargement of the petiole base to support the weight of the fronds.

The relative size of this bulbous base is noticeably smaller In the smaller-leafed

species.

Since there Is no evidence to indicate that the petioles of a Tempskya Increased

appreciably after their departure from the stem, they must have borne relatively

very small fronds. The actual diameters of the petioles in a number of trunks of
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T. Wessclii immediately after their departure from the stem varies from 1.5 to

2.75 mm. Dimensions of the petioles of cycads (taken immediately beyond the

swollen base) range between 8 and 25 mm., those of Cibotium sp., 13 mm., and

of the palms from 7 to 40 or more mm. Since these figures for the living plants

are taken beyond the bulbous base, and the trunk diameters include the leaf base

armor, the recorded divergence between their ratios and those of the Tempskyas

IS an extremely conservative one.

The Stopes restoration is ingenious In that it allows for a considerable prolif-

eration of the leaf-bearing area. However, the actual terminal trunk specimens

do not suggest any such appearance. All the specimens of this nature that we
have observed, representative ones being shown in figs. 26 and 27, indicate a

rather bluntly tapered apex like that of a living cycad, fern, or palm. In view of

the generally good preservation of the Wayan Tempskyas, most of which show no

great wear due to transport either before or after fossilization, we should expect

to find some evidence of the stems or at least the rather massive stem aggregates

as shown in the Stopes restoration. Such evidence is quite lacking,

A point that we wish to make is that the apex of a Tcmpskya probably could

not have borne sufficient photosynthetic surface to have satisfied the requirements

of the plant.

From the evidence afforded by internal structure, one of the most striking

features of all Tcmpskya trunks (excluding the basal portions) lies in the fact

that in any transverse section free petioles are rarely found more than a few milli-

meters beyond the stem that bore them. In other words (as previous authors have

pointed out), the leaves were not persistent for any great length of time.

In order to arrive at a clearer understanding of the mode of lateral growth in

Tempskya we have: first, observed the stcm-pctiole-root organization in transverse

section In many trunk specimens, varying from approximately 2 to 10 inches in

diameter; and, second, followed the course of individual stems in single specimens

by means of serial sections. This latter procedure is considered in some detail in

the following paragraph.

Two specimens, each approximately 4 inches in diameter/ were cut into a

series of thin slices in order to determine the extent of branching in the individual

stems, their destination, and the number of petioles that depart through a given

length. The branching of the stems proved to be so frequent that the slices had to

be taken between ^4 ^nd Yz inch apart in order to follow them with certainty.

With reference to stem branching, Read and Brown noted: "The writers at-

tempted to determine the distance between these successive bifurcations by cutting

a block several inches long into serial sections, but they found that this character

is so variable that it has little value either for morphologic or for taxonomic con-

siderations." (p. 110). While agreeing that the taxonomic value of stem branching

*^Small specimens were selected for this purpose because ^ the extreme diiTiculty of cutting the
larger trunks. From a comparison of many specimens varying in size from 2 to 12 inches in

diameter there can be no doubt that the branching as described (based on specimens T5 1 and T90)
is representative.
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may be negligible we shall try to point out

that It is of the utmost significance in an

interpretation of the general habit and phys-

iology of the plant as a whole.

It is evident, even without making serial

sections, that branching of the stems is

very profuse, for in almost any single trans-

verse section of a complete trunk a consid-
F

erable number of stems may be seen to be

dividing. Taking more or less at random

complete transverse sections from ten dif-

ferent specimens an average of 45 per cent

of the stems was observed to be branching.

Thus the serial sections, upon which text-

fig. 3 is based, serve to confirm a three-

dimensional picture that might have been

prepared In a somewhat less exact fashion

from a single transverse section. The worth

of the peel method has proven an invaluable

aid in anatomical studies of this sort. We
have not relied upon it exclusively, but it

Is the only feasible way In which one can

prepare complete sections, and often ex-

cellent ones, of trunks up to 1 and 1

2

inches in diameter.

Previous accounts of the stem branch-

ing in Tempskya have indicated it as being

dichotomous, and while this is predominant-

ly the case it is not always so. In some

specimens there may be appreciable variation

in stem diameters as is shown in figs. 20,

21, and 22. .

In order to present a three-dimensional

aspect of stem branching we have selected
r

several stems from specimen T90 which

have been followed through a distance of

4.5 cm. (text-fig. 4). The average distance

between successive divisions is approxi-

mately 1.5 cm. This abundant branching

activity must result, through any appre-

ciable distance. In either a great congestion of stems, or one of the two divisions

soon ceases to grow. The latter Is observed to be the case.

Tcxt-fig. 3. A diagrammatic drawing
of a transverse section of specimen T2
(peel 13) showing radial symmetry in the

departure of the leaf traces In a strongly

flattened specimen. Natural size.
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This frequent cessation of growth of many of the stems and the continued

growth in the trunk as a whole, by the branches, present a distinctly different

type of organization from that of other living or fossil plants with which

Tempskya may be compared. In Tempskya the trunks Increase in diameter as

well as in height by this same process. While we cannot follow the growth stages

of a single specimen in plants that lived 100 million years ago, we can arrive at an

explanation of this developmental anatomy by observing trunks of varying sizes,

and in all of them it seems clear that increase in diameter has taken place by the

continued division of stems at the periphery of the trunk. In virtually every

cross-section of a disc specimen stems may be observed (text-figs. 2, 3, 5) ac-

l//
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Text-fig. 4. A three-dimensional aspect of stem branching and the production of petioles as

obtained by following the branches by means of serial sections, through a distance of 4.5 cm., of

specimen T90, Each small division on the horizontal and vertical scales represents 1 mm. In their

proper positions on the scale, letters to the left indicate the section, and numbers Indicate the peel

of that section used In constructing the illustration.

tually departing from the trunk. J

proper

sport It is difficult to observe these stems on the

outside of the trunk because they departed obliquely and are not readily dis-

roots It is

probable that they did not extend more than a centimeter or two at the most, as

a greater length would have resulted in excessive crowding of the foliage.

peno

We
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Text-fig. 5. A diagrammatic drawing of a transverse section of specimen T226 (peel 3) show-
ing radial symmetry in the departure of the leaf traces in a cylindrical trunk. Natural size.

grams given in text-fig. 6 this apparent mode of growth. As stated above, we have

no knowledge of the earliest development of the sporeling but it is evident from

the smaller specimens that profuse branching of the stems was initiated very early

in the development of the trunk. Just how long the original stems retained direct

continuity with the ground likewise cannot be determined. The decay of the

stems in the lowest portion was, of, course, gradual and the apical growth con-

tinued at a considerably faster pace. However, taking as an example a plant with

a basal diameter of 10 inches and a height of 12 feet, it is probable that the lower

2 to 2.5 feet of the trunk was composed of roots, (see extreme right diagram in

text-fig. 6).
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Text-fig. 6, A hypothetical series of longitudinal sections through Tempskya trunks showing

the supposed mode of growth. The solid lines represent stems, and the dotted lines stems in various

stages of decay.

In summary, tKese seemingly important points may be emphasized: The

trunks had a generally tapering form from base to apex; branching of the stems

was profuse and apparently uniform throughout the life of a plant, producing

lateral as well as apical growth; leaves were not long-persistent and their small

size would not have afforded sufficient photosynthetic surface as an apical crown

alone.

Thus we feel that tbe Tempskya plants appeared in life as indicated in the

accompanying restoration (text-fig. 7). While, as noted at the outset, this is based

on specimens that we have assigned to Tempskya Wcsseliij the close anatomical sim-
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ilarity of all of the described species of the genus suggests a generally comparable

habit. Wewish to note that the kind of foliage borne by these plants is not known.

Although the leaves shown in the restoration are of the Anemia type this does not

necessarily imply such a relationship. They have been used to indicate rather the

approximate size and dhtrihnition of the foliar organs.

THE ROOTS

The roots of the Tempskyas have been described by previous investigators in-

cluding Kidston and Gwynne-Vaughan (*11), Seward ('24), Read and Brown

('37), and Arnold ('45). A rather close similarity of the anatomy of these organs

has been noted in the descriptions of the various species, and we are in agreement

with these previous workers in that the roots seem to offer no recognizable specific

characters. There are, however, certain points pertaining to their physiology that

seem deserving of further consideration.

If it is kept in mind that the basal portion of the trunk of the mature plant

is composed entirely of roots, and the trunk at any point is composed largely of

them, it is evident that they played a more than ordinary role in the absorbing,

conducting, and supporting functions of the plant. A detailed study of these

roots presents some rather challenging problems, and the literature of comparable

physiological set-ups in living plants is by no means a copious one.

The roots, like the stems, branch profusely and present in any section con-

siderable variation in size, degree of maturity, and preservation. The stele is

small and, like the stem, consists only of primary wood. In well-preserved speci-

mens (fig. 13) the phloem and endodermis are clearly defined. It is not often

possible to identify positively any tissue that may be called the pericycle. In fig.

13 a thin crushed row of cells, apparently the pericycle, may be noted between

the endodermis and the large metaxylem tracheid in the upper-right portion of the

figure. Very early in the maturation of the extra-stelar tissues a conspicuous

fibrous middle cortex is developed. This tissue is extremely variable, at times ex-

tending to the endodermis (fig. 13), and its development is accomplished to a

considerable extent by abundant radial cell divisions which result in a distinctive

tangential alignment of the cells (fig, 19). Taken by the thousands it is evident

that such structures would develop a trunk of great strength —certainly not a

brittle one—yet the close organization of roots suggests one of considerable

rigidity. Without this sclerotic cortex is a rather broad, thin-walled outer cortex

(figs, 11, 17), in most cases largely decayed, the outer remnants of it forming a

collapsed loop which encloses the tissues.

Although the roots in general average a little less than 1 mm. in diameter

there Is considerable range in size. Within an area of a square centimeter roots

may be found that are less than .5 mm. and others nearly 2 mm. in diameter. The

smallest of these (mature) roots may have a middle cortex consisting of only two

rows of the very thick-walled fibrous cells, a row or two of large, thinner-walled

outer cortex, and epidermis.

The nature of the outer cortex may have some bearing on an interpretation of
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Text-fig. 7. A restoration showing the probable habit

of Tempskya, bascJ on specimens of T. Wcssclti, Foliage

has not been found attached to the trunk. For further
explanation see text.
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the compressed forms in which the trunks often occur. It is evident that many of

the roots in a normal trunk, prior to removal of the plant from its place of growth

or fossilization, were largely decayed. Just how much decay did take place im-

mediately before siHcification cannot be determined and certainly varied with

different specimens. Certain parts of specimen T53 are exceptionally well pre-

served, and within a small area (fig. 14) some of the roots still retain the most

delicate tissues while intimately associated with them are others with nothing but

the sclerotic cortex intact. Some of the former are young roots in which little

thickening of the sclerotic cells had occurred and they show root hairs as well;

the latter may be interpreted as older roots that had been dead for some time.

In contrast to fig. 14, the majority of sections show very few roots in which

the outer, large, thin-walled parenchymatous tissue is preserved. Here and there

a root may be in almost perfect preservation, and less occasionally a considerable

group will be well preserved. Others have the inner cortex and stele intact and in

still others the stele Is missing, as well as the remnants of the outer cortical loop.

Many of them reached this stage through death and decay during the normal life

of the plant. If, however, any appreciable number of roots were alive and active

at a given time (as must have been the case) a considerable percentage of the area

of the transverse section was composed of this large, thin-walled, readily decayable

tissue. It would seem, then, that the general decay of this tissue immediately prior

to fossilization would have allowed even a relatively slight lateral pressure of

overlying sediments to have compressed the trunks.

A comparison of circular and variously flattened specimens has been made in

order to determine the mechanism of flattening. However, no differences were

ever observed that might point positively to mechanical crushing. It may also be

noted that in specimen T53, where the preservation of immature roots is so per-

fect, there is no marked indication of distortion. If we should assume that a

large percentage of the roots was actively functioning and with their outer cortex

intact the roots would have been so closely compacted as to have been strongly

angular in shape. Yet where an appreciable number of roots happen to be well

preserved in a small area (fig. 14) this is not the case. There is some compaction

due to crowded growth but it is not excessive. It may also be noted that in most

areas the roots, or remains of roots, are so crowded that there could not have been

room for them all to have existed with their outer cortical tissues at one time.

The evidence therefore indicates that only a portion of the roots composing a

trunk was active at a given time. In this connection it may be noted that Schoute

found very few live roots of the many composing the dense matrix of the trunk of

Hetnitclia crenulata (see page 144).

In his treatment of Tempskya Knowltoniy Seward ('24, p. 494) makes the fol-

lowing pertinent remark: *'The contrast between the large number of roots with-

out any visible connexion with their mother-organs and the small number of

which the origin is demonstrated is remarkable. Most of them must have come

from stems or leaf-bases that are unrepresented in the specimen,"
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Unfortunately, this evidence does not indicate positively whetlier the flattening

of the trunks was natural or the result of the pressure of overlying sediments prior

to fossIli?:ation. In summary we are inclined to believe, however, that the flattened

form is not natural for the following reasons:

1. In any trunk there was, in life, a mixture of live, active roots as well as

others in various stages of decay.

2. This organization allowed sufficient "inter-root-stem" space for the re-

organization of these elements when crushed by overlying sediments without

presenting a recognizable microscopic effect.

3. No other observable characters correlate with the wide range in transverse

shape.

4. Circular and flattened trunks alike in our collection display a symmetry

that is radial with reference to the departure of leaf traces.

5. spec

rms

Root hairs. —In many of our specimens we have been able to observe well-

preserved root hairs, some of which are very long, as shown in fig. 12. These root

hairs are often found on the larger roots which, judging from their size and gen-

eral maturity, would seem to indicate at some appreciable distance back from the

apical meristcm. That these hairs occur on the older portions of the

moreover, adequately attested by the fact that they may be observed on numerous

roots

roots be

root hairs produced at an earlier growth stage of the root or that they are simply

developed from the epidermal cells throughout the life of the root. There is

evidence to indicate both modes of origin. The root shown in fig. 11 represents

one of average size and certainly mature. Numerous short root hairs may be

noted. These are complete hairs, as evidenced by the uniformly rounded tips, and

not simply broken remnants.

In describing living specimens of Dicksonia fibrosa in New Zealand (see

page 145) Field ('90) refers to the absorbing capacity of the aerial roots. In

Tempskyas this function must have been of considerably greater importance than

in most of the living ferns where the stem stelar system extends down to ground

level. In the larger Tempskya trunks (10 to 12 inches in diameter) the stems

had died away from the lower two feet, and possibly more, of the trunk. That

portion of the trunk above this "root-stump" depended upon its water supply,

then, either through the long slender roots reaching down from the stems or, more

directly, through rain water absorbed from the apical and lateral surface of the

:. There would seem to be little doubt that most of the minerals were taken

up from the soil through the length of the trunk. However, the external surface

of the trunk throughout must have been very absorbent and the trunk itself

capable of retaining considerable moisture. The fact that deep within the trunk,

roots are found with root hairs intact would seem to indicate that they functioned

thus in drawing off this water reservoir.

trun
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COMPARISONSWITH OTHERPLANTS, LIVING AND FOSSIL

The morphology of the trunk of Tempskya represents a peak of structural

evolution along a line that is manifest in a generally comparable fashion in a

number of ferns, both fossil and living. The ferns have developed some very

remarkable and ingenious devices in the organization of their primary tissues to

bring about increased size. Why they have never been successful in the use of a

cambium is a mystery that we may never know, yet their other modes of develop-

ment have been successful to a considerable degree and are none the less interesting.

Wehave no reason to believe that any of the other plants mentioned below are

closely related to Tempskya, yet they seem significant in offering clues to the

racial origin of the Tempskya trunk (or *'false-stem").

Scattered rather sparsely through the literature there are references to a num-

ber of living ferns having upright trunks composed of branching stems which are

held together to a greater or less degree by a mass of adventitious roots. Since

some of these references are extremely interesting, yet obscure and mentioned

only briefly, if at all, by previous writers, a few of the most pertinent ones will be

considered in some detail. In his "Ferns of New Zealand" H. C. Field ('90)

presents a number of interesting accounts of ferns with stems of upright habit:

"'Rhizomes are of various kinds. The simplest form is that which grows 'erect' and

produces its fronds in a crown or tuft at the top; in which case the plant is called a

'crowned* or 'tufted* one. Tn many ferns, this erect rhizome is prolonged above ground to

a great height, as in tree ferns, and it is then called a *caudex.' This caudex , • , is always

clothed with fibrous rootlets by means of which moisture is imbibed from the atmosphere

and helps the upward growth of the plant. The number of fronds which form the crown

of the plant depends very much on the number of these aerial root fibres, our Dicksonia

fibrosa, for instance, in which the actual caudex is only about two inches thick, while the

fibres form a felted or interwoven mass, sometimes two feet In diameter, having often as

many as forty fronds in its crown. Some caudices have a large conical base of root fibres;

and in others this cone extends to the very top of the caudex, which is then of no great

height, the whole mass being called a 'rootstock.' Sometimes an erect rhizome or caudex

becomes flattened at the top and produces a great number of fronds, while at others it

becomes divided into two or more branches, each of which produces a separate crown; and

occasionally fresh crowns burst out of the side of a caudex. It is not quite certain how
these originate. In some cases it appears to be the nature of the fern to divide itself in this

fashion; in others, it seems as If young plants had grown on the face of a caudex; while

in others it occurs by accident. I watched a case where a falling tree strained a supplejack

tightly across the crown of a tree fern; with the result that the next spring the plant pro-

duced two crowns, one on each side of the supplejack, and thenceforth was "forked. I have

seen a cyathea dealbata with five branched caudices and crowns, and an aspidium aculeatum

with seven, varying from three feet to fiye feet high," [pp. 11—12.]

From the point of view of comparison with Tempskya perhaps the most in-

teresting of these extant New Zealand ferns is HemiteUa Smithii. This tree fern,

which is known to attain a height of 20 to 30 feet, often divides at the tip into

two or three branches. In 18 86 Buchanan described a remarkable specimen from

the slopes of Mount Carglll, near Dunedin. Buchanan's sketch of this tree-fern

is reproduced in pi. 26. It is reported as being 16 feet high and with 16

branches and several buds. "The budding and branching may proceed from any

part of the stem, and the specimen has several branches diverging in various direc-

tions, which again divide, as in dicotyledonous trees." According to the author*s
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Text-fig. 8. Spores and fragments of annuli found in a

ground thin section made from specimen Tl6 (slide 1400).

X 220.

brief description and figures, the branching is not dichotomous but rath er "a

oody

inner or true stem of the tree, and also the close fibrous outer covering." Shortly

after the division of the single stele in the main trunk of this plant the resultant

branches become separate as shown in the sketch. It thus differs from Tempskya

in which the branches (except the extreme terminal portions) are permanently

held together by the dense mass of roots. An interesting point of comparison,

however, is that in Hemitelia Smitbii the crowns of leaves on the respective branch-

es are borne at different levels, thus differing from other tree ferns with "divided

crowns," but not entirely unlike our concept of the mode of habit in Tcfnpskya.

Another curious living fern is Hemitelia crcnvlata Mett., from the forests of

Kandang Badak, Java, which was described by Schoute in 190^. It is a "tree fern
f

«
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(pi. 25) of considerable size, attaining a circumference of 201 cm. at 30 cm.

above the ground. The basal two or three feet of the trunk consist of numerous

branches enclosed in a dense matrix of roots, while above this the branches are

free. Ji^dging from Schoute's illustration of a specimen with a man standing

beside it the plant attained a height of at least 12 to 15 feet. At ground level

the trunk of HemitcVta crcnulata contains but one stem while about 19 cm. above

this it branches into three, while 28 cm. higher up seven branches are found. In

the largest specimen reported, 3 3 branches are displayed which bear leaves in a
r

crown as well as laterally. As may be noted, the branches grow horizontally out

for a short distance and then ascend sharply.

The stem of Todca barbara Hook. f. seemingly presents an organization that is

comparable to the above two ferns although we have been able to find but little

information concerning the gross morphology of the trunk, most of the accounts

dealing only with the cellular structure of individual stems, petioles, etc. Seward

and Ford ('03) give the following account although it is not as pertinent to the

present discussion as one might wish:

*'The seem of ToJra barbara may reach considerable dimensions, forming a short and

thick mass covered with a dense felt of brown roots, which completely hide the main bifur-

cated axis. One of the numerous plants of T, barbara sent to Europe by the late Sir Ferd.

von Mueller has been figured, in which the stem reaches a breadth of 2.5 metres, a height

of 1.76 m., and a thickness of 1 m. J. Smith also described a specimen from the Victorian

Alps of Australia measuring 5 ft. 8 in. in height, with a diameter of 7 ft. 9 in., and weigh-

ing I ton 3 cwt.; he adds that a plant was received at Kew in 1869 weighing 15 cwt. and

bearing 3 crowns and 160 fronds. The stem of a Todca barbara in the Cambridge Botanic

Garden measures 8 ft. in circumference and 3 ft. in height, with 14 distinct 'crowns'; at

the present time the crowns bear 23 fronds, with an average length of 7 ft. 6 in.'* [p- 239.]

From the large number of crowns that these Todea plants bear there must be

rather profuse branching of the stems composing a trunk. Unfortunately, we

know very little about this, for, as Sahni ('28) notes: "The mode of formation of

the false stem still needs elucidation."

Field's ('90) account of Dicksonra fibrosa is also worth quoting. He writes:

"The caudcx seldom, if ever, attains the height of 25 ft., but is extremely stout in ap-

pearance owing to the mass of matted fibrous aerial roots which envelops the actual caudex

and which is often 15 in. to 18 in._ in diameter, and occasionally even more. Curiously

enough, ic is often larger In diameter above than below, particularly in plants not exceeding

6 it. or so in height; which shows to how great an extent this fern absorbs nourishment

from the atmosphere by means of its aerial roots."

This is the only case of obconical trunk shape, such as Seward reported for his

single specimen of Tempskya Knowltorii^ that we have come across in living ferns

(other than in the very young stages). And, judging from Field's statement, it

is not found in a completely mature plant. In view, then, of this data on living

ferns and the fact that none of the hundreds of specimens of Tempskya from Idaho

suggest such a trunk form it seems reasonably certain that Seward's specimen is

either a very exceptional one or that it represents a fragment of a larger trunk.

The only fossil plant that seems to merit comparison with Tempskya is the

Carboniferous zygopterid tree-fern from New South Wales described by Sahni
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('28) as Clepsydropsis aus trails. Later, he ('32) gave reasons for its exclusion

from that genus and proposed the name Ausfroclcpsis. So far as we are aware its

present valid name, then, is Austroclepsis aiisfralis (E. M. Osborn) Sahni.

It should be noted that there is no close genetic relationship between A.

ausfrafh and the genus Tempskya for their individual stems and petioles have a

strikingly divergent anatomy. Such resemblance as may be observed is only In the

general habit of the trunks. In A. atistralis the petioles arc large, almost equalling

the stems in diameter; many petioles appear in a transverse section, indicating that

they were long and the fronds persistent for some time; furthermore, the divisions

of the stems are not nearly as profuse as in Tempskya. Thus the general appear-

ance of Austroclepsis with its single crown of rather large fronds (Sahni, *32, text-

iig. 14) must have been quite different from that of Tempskya. These two genera,

widely separated in time and space as they were, possibly present in the gross

organization of their trunks a similar evolutionary trend such as is exhibited in

the above-mentioned living ferns, and it is a trend that probably took place in-

dependently in a number of different groups of ferns at different geologic times.

TAXONOMICCONSIDERATIONS
s

As stated at the outset, our primary Interest in this Investigation was with the

general habit, mode of growth, and physiology of the Tcmpskyas. A few points

may be worth mentioning, however, In order to clarify our own .taxonomic treat-

ment as well as to offer suggestions that may be of use to future Investigators. A
careful identification of the specimens has, of course, been basic, and while we
have assigned the name Tempskya Wessdii to most of our specimens other ob-

servers might find cause to split these Into more than one species. Such "species"

would be of very doubtful significance, and it seems certain that concepts pertain-

ing to the life form and functions of the plants would stand unaltered.
I

Since the roots have presented no recognized taxonomic characters the identi-

fication of stump specimens can be made only to the genus. However, In view

of their constant and uniform association with the trunk (disc) and tip specimens

in the Wayan region there can be no doubt of their identity.

In view of the lack of evidence of natural affinities of the genus, Read and

Brown ('37) created the family tempskyaceae, which constitutes the most ex-

pedient treatment. The only disappointment in our own investigation has been

that such spores and sporanglal fragments as were found in the trunks offer no
positive help.

Prior to the work of Read and Brown eight species of Tempskya had been de-

scribed: from Sussex, England; the basin of the Karaganda River In Russia;

Bohemia; Maryland; and Montana. Many of these, because of their fragmentary

nature and poor preservation, are certainly not worth further consideration and

In their Syfwpsis Read and Brown have dealt with only two of them

—

Tempskya

rossica Kidston & Gwynne-Vaughan from Russia, and T. Knowltoni Seward from

Montana, and they have added two species, Tempskya grandis from Wyoming and
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T. minor from Wyoming and Idaho.

More recently Arnold (M5) has described two more species: T. wyomingcnsis

from "about twenty miles northeast of Greybull, Bighorn County, Wyoming, and

r. Wesselii from Greenhorn, Oregon, and Great Falls, Montana.

Since it is perhaps most expedient to the present discussion we present the

Synopsis of Read and Brown, to which we have added Arnold's two species in

accordance with his concepts of their relationships.

SYNOPSIS'^

1. Individual stems of false stem large, with very short internodes as

indicated by the numerous leaf bases present in transverse sections.

Xylem exarch or possibly slightly immersed in some specimens. False

stem chiefly radially symmetrical. Xylem ring containing much
parenchyma,

A. Inner cortex a broad zone of parenchyma containing near its inner

margin an Irregular but continuous tract of sclerenchyma. Outer

layer of "pith" a similar zone of parenchyma, containing scleren-

chyma, especially in the vicinity of the nodes Tempskya grandis

B. Inner cortex a narrow zone of large-celled parenchyma. Presence

of an Inner sclerotic layer not recorded Tempskya rossica

C. Inner cortex with two bands of stone cells. Smaller stems and long-

er Internodes than the above two.... Tempskya Wesselii

D. Individual stems large (6-8 mm. in diameter), very close to T.

grandis, differing chiefly In having a double layer of stone cells;

internodes and stems larger than in T. Wesselii Tempskya wyomingcnsis

2, Individual stems of false stem small, internodes of such length as to

permit only a little overlapping (2-3) ,of leaf bases. Xylem exarch.

False stem dorsiventral. Xylem ring containing little, if any, paren-

chyma.
A. Xylem very compact; protoxylem commonly segregated into definite

groups. Inner cortex broad, parenchymatous. Petioles common in

false stems, indicating persistence of leaves; xylem arch, fairly

flat. Stems averaging larger than those in the next group Tempskya minor r

B. Xylem compact but with parenchyma In places interspersed with

the trachelds.
' Inner cortex usually narrow, parenchymatous. Pet-

ioles rare in false stem; xylem arch, rounded : Tempskya Knowl tain

*From: Read, C. B. and R. W. Brown: American Cretaceous ferns of the genus Tempskya.

U. S. Geol. Survey Prof. Paper 186-F, p. 119. 1937, except parts C and D under I, which have

been abstracted from: Arnold, C. A.: Sillcified .plant remains from the Mesozoic and Tertiary of

western North America. Mich. Acad. Sci., Arts, and Letters 30:24-3 3.

Read and Brown have considered the gross organization of the trunks, that is

whether radially or dorsiventrally symmetrical, of importance, while Arnold

places considerable weight on the structure of the cortex in the deUmitation of

species.

In almost all cases where it is certain that we are dealing with complete trans-

verse sections the symmetry of the trunks is essentially radial. In order to present

some quantitative evidence of this we have taken a representative sampling of

specimens displaying different shapes and noted the direction of departure of the

petioles (Table III). Tliese show quite clearly that the departure of the petioles

is usually toward the nearest periphery of the trunk, as shown in text-figs. 2 and 5.

It is not surprising that an occasional stem should bear its leaves toward the center

rather than the periphery of the trunk but this does not necessarily point toward
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TABLE III

COMPILATION. FROMA KKPRESENTATIVESELECTION OF SPECIMENS, OF STEMS.
CONTRIIIUTING TO RADIAL OR DORSIVENTRALSYMMETRYOF THE TRUNKS.

THE FORMERBEING STEMS IN WHICH THE PETIOLES PASS TOWARDTHE
NEAREST PERIPHERY OF THE TRUNK. THE LATTER THOSE WHICH

ARE IRREGULAR IN THIS RESPECT

Specimen and

peel number

Shape and

dimensions in

transverse section

(inches) *

Total

number of

stems

Ratio of dorsi-

vcntral to radially

symmetrical stems

Percentage of

stems contribut-

ing to radial

1 symmetry
T205, Bl E 3 x2 57 1:50

— •

98
T2, T5 E 53/4 X VA 50 3:38 95
T47, TI9 E 53/ix 3/2 134 0:114 100
T3. T3 E 3 ^2 X 2 1/2 63 5:58 92
T90, AT8 E 3/2 X2J/2 67 3:54 95
T51. GBTI T 4x 3 74 5:56 92
T20U Al E 23/4 X 2 53 3:47 94
T202, Bl T 3 X 1 J/2 27 2:23 92
T5, T2 c 2V2 20 2:18 90
T4, Tl E 3/2x23/4 70 1:55 98
Tl7. T3 c 23/4 52 7:47 87
T53, T3 E 6/4x2/2 96 1:81 99
T45. T5 E 33/4 x3

:
60 6:48 89

T42. T7 E 4x3/2 68 5:58 92
T33, T7 E 73^x4 158 3:122 98

*E, elliptical in transverse section; T, triangular; C, circular. The stems in the central third
(diameter) of the trunks have been omitted since these are more variable in the direction of
departure of the petioles and represent for the most part the terminal stems of the trunk.

asymmetry of the trunk as a whole. Since the stems probably projected out a

short distance beyond the trunk proper it is quite conceivable that they could have

given off leaves on the Inner as well as the outer side.

In only one of our specimens is there a tendency for the petioles to pass pre-

dominantly in one direction. This Is a small specimen, or quite possibly a portion

of a larger one. It must be admitted that while our own observations are based

on a large number and variety of specimens their geographical distribution Is not

great. We feel inclined to predict, however, that when comparable collections are

gathered from other regions and when it is certain that the individual specimens

are complete in transverse section, they will reveal radially symmetrical trunks.

With respect to the anatomy of the cortex, we have noted under the "Tech-
niques" section differences that may be encountered in a study of identical stems

of a trunk using peel preparations vs. ground thin sections. Also important is

th iatlon in this character (particularly the apparent presence or absence of

the stone cell band on the inside and outside of the inner cortex) that may show up
in consecutive peels taken from the same specimen. With the proper etching

time the sclerotic bands stand out in striking contrast to the parenchymatous
tissue; but where the time Is too little or too great the contrast may be much less

apparent, or even barely discernible.

These differences are pointed out as neither an indictment against the methods
themselves or the results of previous workers but to show that there are two points

of the utmost importance in studying the genus Tempskya:
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1. Specimens displaying complete or nearly complete transverse sections of

the trunk are absolutely essential to taxonomic and morpKologic studies.

2. Great caution must be exercised in delimiting species with reference to the

way in which sections are prepared.

We feel that our own investigation has shown the probable lack of taxonomic

significance in the gross symmetry of the trunks as used in the preceding synopsis.

Furthermore, in view of the rather close gradation of the other characters that

have been used to delimit species, as well as the fact that some have been based on

rather scanty material, there is considerable doubt whether Tempskya minor^ T.

KnowUonij T. Wesselii, and T. wyomingensis represent distinct species. We do

not wish to carry this taxonomic problem further but as our knowledge of

Tempskya grows it is likely that rather extensive revisions will be necessary.

^ pore

pskya identified as T, Schhnpe

Wight. Th
tetrahcdral," with a spore wall conspicuously sculptured with long bars. He

noted a close comparison of these spores with those of the living Anemia efcgans

Ceratopteris thalictroides (Park-

eriaceae) has spores with a similar sculpturing.

Knowlton

the annuli of a Schizaeaceous fern, and probably belong to the genus Anemia. It

is largely on account of these reproductive organs that Tempskya has been thought

to be of Schizaeaceous affinities.

The only contribution that we have been able to make in this direction per-

haps confuses the picture more than it helps to clarify it. Ground thin sections of

two of our specimens (Tl6 and T3) contain considerable numbers of spores and

fragments of the annuli of fern sporangia- TTie spores occur as isolated individuals,

as well as aggregations of about 100 to 200, and in all cases the exine appears quite

smooth. They are mostly collapsed, but a few appear triangular to slightly

elongate (text-fig. 10 and fig. 23), these averaging about 50 x 40 /jt. The spore

shown in fig. 23 measures 51 x 3 6 /x.

The lack of any sculpturing of the spore wall and the occurrence of spores In

large masses might lead one to infer that they are simply immature. However,

since the exine is smooth in all of them, and an appreciable number is scattered

about as individuals, it Is probable that this is a mature character- For whatever

the comparisons are worth it may be pointed out that there is a general lack of

surface ornamentation throughout the genus Gleichcnia (Gleicheniaceae) , while

Thyrsopterh elegans (Dicksoniaceae) has spores that are likewise smooth-walled

(Knox, '39) and compare closely with our fossils.

Associated with these spores are some annulus fragments (text-fig. 10).

Speculations on these fragments can lead to no definite conclusions although it

seems clear that they are not Schizaeaceous, nor Is it likely that they represent the
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Osmundaceae or Gleicheniaceae. A much closer comparison seems to be afforded

by the modern Polypodiaceae or possibly the Cyatheaceae-Dicksoniaceae.

Wq have chosen to refer our specimens to T. Wesselii Arnold because they

compare most closely with the published description of that species. For those

who may be especially interested in Tempskyaj as well as for the purposes of

record, we have compiled short descriptions of a representative selection of speci-

mens of T. WcsseJii in our own collections, pointing out especially distinctive

characters that the respective specimens present:

Spechncn TjJ, —A disc specimen measuring nearly 8 x 4J/2 inches in transverse

section and € inches long. This seems to be representative of the larger, flattened

trunks. Approximately 160 stems are found in a single transverse section, of

which about 74 are shown in various stages of branching. The individual stems

average 3.5 mm. In diameter, most of them being fairly close to this figure, al-

though a maximum variation of from 1.5 mm. to 5 mm. In diameter may be found.

The steles in the peripheral inch of the trunk are, for the most part, appreciably

better preserved than those deeper within. Such differentiation of preservation is

not as noticeable in the smaller specimens.

specimen T2. —A much-flattened tip specimen (fig, 26 and text-fig. 3) ap-

proximately 6^x1^ inches in diameter and 2^ inches long. Of the 57 stems

shown in transverse section 18 are branching. The stems average 3.5 mm. in

diameter, with a maximum variation of 2 to 4 mm. The preservation is uniform

throughout the specimen, as might be expected in a small trunk tip.

Specimen T53. —A flattened, nearly oblong-shaped disc measuring 6^2 x 2^
Inches in transverse section and 2 J/2 inches long. This is unusual only in the mode

of preservation, the smoothed surface (and peels) presenting a characteristic

blotched appearance due to the irregular quality of preservation.

Specimen T4y, —A somewhat flattened tip specimen 9 inches long, in which

a transverse section 5 inches from the top measures 6x3^/2 inches. Of the 134

stems in one transverse section, 45 are shown In various stages of dichotomizing.

Each stem is giving off petioles toward the nearest point on the periphery of the

trunk, thus producing perfect radial symmetry. Stems In the central part of the

trunk are shown in perfect transverse section in any peel preparation, whereas

those toward the periphery are shown, In the same peel, In somewhat oblique sec-

tion, indicating that the stems at the edge of the root mass bend slightly outward

while those In the center of the trunk keep a more or less vertical course.

Specimen T216. —A disc specimen 13 Inches long which Is somewhat triangular

in transverse section. The transverse section at the bottom of the specimen

measures 6^ x 5 J/4 inches, while at the top it measures 6 x 4J/2 inches. Several

hundred stems are present In a single transverse section, the radial arrangement of

which is apparent.

Specimen T2y. —A very much flattened, small disc specimen from Mr-

Thomas's collection, about 4 J/2 inches long and measuring about 3 /2 x ^g inches
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in transverse section at the top. At that point only eight stems are present in the

transverse section, and all but one of these are in some stage of branching. The

stems average lYi mm. in diameter, and are well preserved.

Specimen Tgo. —A small, very well-preserved disc specimen, approximately

35/2x25/2 inches in transverse section and about 2^ inches long. Serial sections

were made of this specimen, and the branching of three of the stems was followed

for a distance of 4 J/2 cm., as illustrated In text-fig. 4. Approximately 55 stems

are found in a single transverse section, of which 22 are in various stages of

dichotomizing. Individual stems vary from 1 5/2 to 4 mm. in diameter, with most

stems measuring 3 mm. in diameter. Preservation of the stems varies somewhat,

although in no apparent set pattern.

Specimen T22g. —'This is a rather large disc specimen (fig. 9) and is especially

unique in that It Is crescent-shaped In transverse section, the latter measuring

nearly 13x6 inches. Two discs, totaling about 12 inches long, were found, one

of which is in Mr. Thomas's collection and one in ours under the above number.

Most of the stems are In a rather advanced state of decay, due primarily to the

fact that the specimen came from toward the lower part of a trunk as Is Indicated

roots

ASSOCIATEDPLANT REMAINS

In his description of Tempskya tvyomingensis Arnold (*45) has mentioned

"occasional fragments of the trunks of Cycadeoidea, which resemble those from

the Freezeout Mountain locality north of Medicine Bow" associated with the fern

material in the valley of Beaver Creek, Bighorn County, Wyoming. Aside from

that reference, nothing has been reported so far as we are aware concerning the

plants with which Tempskya may have been associated in life.

Wehave been fortunate in finding in section 27 (Lanes Creek quadrangle, see

text-fig. 1) rather abundant fragments of a dicotyledonous wood, a coniferous

wood, and a portion of the trunk of a Cycadeoidea. Although these plant remains

were found only in the one locality they serve to give us some concept of the

ecology of the Tempskyas.

Judging from the very faintly defined annual rings of the fossil woods seasonal

climatic fluctuations probably were not great, and the presence of the cycad, as

well as the cycad and dinosaur fragments reported by Arnold, would suggest a

generally warm climate. If the growth requirements of Tempskya were at all

comparable with those of modern tree ferns the climate must have been a tropical

one.

In trying to arrive at a tentative comparison with modern floras and climates

we have drawn on the extensive field experience of Mr. Paul H. Allen, the Garden's

tropical plant collector in Central America. The following is, we feel, of some

k:omparative significance:

"The only modern conifers associated with tree ferns in the American tropics would be

species of Pocfocarpus, usually found in the highlands between 3000 and 7000 feet. Slender
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species of tree ferns occur as isolated specimens in heavy rain forest from sea level to 6000
or 7000 feet, being replaced by stouter, handsome species at higher elevations. Greatest
concentrations of individuals, however, are found in open, unshaded locations having ample
moisture, such as banks of small streams in pastures (vicinity of Villavicencio, Mcta,
Colombia), abandoned fields growing up to second growth (highlands of Chiriqui —4,000
to 6,000 ft.), moist sunny canyons in dry grassland (badlands of lowland Code), or sunny
moist roadside banks in forested areas (vicinity of Puerto Pilon, Canal Zone), or National
Highway near Remedios, Chiriqui Province, Panama. No true cycads occur in the Americas
in close association with tree ferns in modern times, but I have seen species of Zaniia grow-
ing in the same area with them about M.idden Lake In the Zone, and in patches of forest

along the Rio Arlari in Colombia.

"Summarizing, tree ferns grow in greatest concentration in relatively open, sunny situa-

tions, and there is, so far as I know, nothing that could be described as a typical tree-fern
association of plants. Thus, while tree ferns might by pure coincidence be found with
PoJocarf)U5 or Zamia, they might just as often, or rather more often, be found wnth other
things/'^

In a consideration of the climate of this region during middle Upper Cretaceous

times it is pertinent to recall the presence of Anemia Fremont! and Gleichenitcs

coloradensh in the Frontier formation of southwestern Wyoming. These are fern

species with undoubted relationships to the modern genera Anemia and Glciche^tia,

both of which are tropical to warm sub-tropical in their present distribution.

Although the fossils were found south of Kcmmcrcr, Wyoming, the Frontier for-

mation extends north to a point less than 2 5 miles from Wayan, and the actual

distance to the Kcnimerer locality is less than 100 miles.

Wedo not know what the exact correlation is between the Frontier and Wayan
formations; the latter may lie slightly below the former (Read and Brown, *37,

pi. 27). Yet, it is safe to assume that the tw^o are not far apart. Thus since

these two ferns of tropical affinities were contemporaneous and inhabited the same

Wayan Temp.

Wy
tropical forests covering undulating hills of altitudes up to possibly 4000-7000
feet, and favored by a climate that was uniformly moist and w^arm throughout

the year. The more exact floristics of the ''Tempskya forests" must remain in

doubt, although the Colombia and Canal Zone Habitats suggested by Mr. Allen

seem to present a very likely comparison.

Tempskya as animal food. —It does not seem entirely improbable that the

Tempskyas constituted an important dietary item for certain larger animals of

the time, such as the Cretaceous herbivorous dinosaurs. Diversified as the dinosaurs

were in form and environmental adaptations, some of them almost certainly must
have occupied the habitat of these ferns. The association of their bone fragments
(see p. 124) with Tempskyas adds support to this belief.

ing plant. Wi
Temp

considerable portion of the trunk,

rather than in merely a crown at the top, the leaves were available to herbivores

both small and large. Each plant bore a considerable quantity of foliage even
though the individual leaves were small. From the abundance and wide distribu-

tion of the Tempskyas in certain regions it would SL'cm possible that they may have
been of considerable importance as animal food.

^From a letter received from Paul H. Allen, Gamboa, C.ui.il Zone, May 7, 1946.
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BENNETTITALES

Cycadeoidea sp. —In the summer of 1946 Mr. Thomas found two cycad speci-

mens in section 27 (see text-fig. 1). One of these is a very small fragment while

the other, described here briefly, is a portion of what was apparently a columnar

trunk and measures 7 inches long and 9 x 7.5 inches in diameter. Its owner has

preferred that the specimen remain intact, and since it is rather poorly preserved

and with no strobili in evidence it is doubtful whether sectioning would reveal

significant evidence. In the transverse section the leaf base zone is about 1.5

inches wide, while the entire central portion of the trunk is largely replaced by

silica. At one point a small fragment of the \

less than 2 cm. thick. Like the Tempskya specimens, this cycad trunk fragment

shows no evidence of prolonged water transport; thus its chief interest lies in the

probable association of these plants with the ferns in the Cretaceous landscape of

ood

Waya
CONIFERALES

Cupressinoxylon sp. —In transverse section (fig. 31) this wood presents two

conspicuous features: (1), the annual rings are not sharply defined, there being

very few "late summer" tracheids marking that year's growth from the first cells

ttered

wood

In tangential view (fig. 32) the rays may be seen to vary from 2 to 40 cells

high and predominantly uniseriate with an occasional biseriate one. There is no

evidence of pitting in the tangential walls of the tracheids. The preservation is

not sufficiently good to allow observation of the finer diagnostic details in radial

section. type

part uniseriate, while the rays appear to be uniformly parenchymatous, there being

no evidence of ray tracheids.

DICOTYLEDONEAE*

SOMENOTESON METHODS

trun 16

inches in diameter need hardly be emphasized. Furthermore, although the abun-

dance in which the fossils were found during the second and third trips to Wayan

was most encouraging, one could not help but wonder whether a sufficiently

comprehensive study could be completed within a reasonable period. In general,

we have selected only the more complete and apparently better-preserved specimens

for microscopic study. Some sort of critical concentration of material was ob-

viously necessary at the outset, and while specimens of importance, possibly rep-

resenting new species of significant morphological features, may have escaped our

number

bee

peel methods. Specimens up to about 5 inches in diameter were cut in our

. laboratory, while the larcer ones have been cut by the Pickel Stone Company

* As it has not been possible to prepare a discussion of the associated dicotyledonous wood without

seriously delaying publication this will appear at a later date.
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of St. Louis. Such firms, having equipment for cutting and polishing large monu-

ment stones, may prove of considerable aid in paleobotanical work, and the cost is

not excessive.

In all cases we have first made peel preparations of the complete transverse

There is almost no limit to the area of a section made with this methodsection.

provided adequate cutting and grinding equipment is available. These peel prep-

arations proved Invaluable in studying the gross organization of the trunks as

well as detailed cellular anatomy In the better-preserved material. A few other

points with reference to the peel technique seem worth recording. The quality of

preservation in different portions of a peel taken from a transverse section often

varies considerably. Generally, In the larger trunks, the central portion is not as

well preserved as the more peripheral parts. This would be expected In accordance

with our concept of the mode of growth of the trunks. In some, mineralization

apparently was not uniform throughout the trunk.

Especially important Is the fact that the degree of etching prior to pouring

the peel solution had to be especially precise in this material, far more so than in

any other petrifactions that we have studied. As typical of this we may point

out the differences observed in the parenchymatous Inner cortex of the stems where

that tissue Is bounded on the Inside by sclerotic nests and often on the outside by

a thin sclerotic band. With the proper etching time these sclerotic tissues stand

out in striking fashion. However, when the time was too long, very dark peel

resulted, or when the time was too short, the peels were so light that such tissues

could hardly be distinguished at all. In this respect Arnold ('45, pp. 27-28) re-

ports that in T. Wcsselii, *'A peculiarity in the chemical make-up of these stone

cells is that in sections prepared by the 'peeV method they are not recognizable,

which indicates that they are soluble in the hydrofluoric acid used in the etching

process." While this may be true in some specimens It has been our experience

that the peels can be made to show the sclerotic tissues just as well as ground sec-

tions although some experimenting must be done with the etching time to have it

perform to the best advantage.

Ground sections have been prepared from the better-preserved specimens.

These have revealed certain of fhe more minute cellular details, especially in the

root structure, In a more satisfactory manner than peels. Most of the best

Tcmpskya specimens are black, indicating the presence of a large percentage of

the original organic matter. These necessarily must be ground very thin to render

sufficient transparency. Wehave found that the thermoplastic cement known as

^'Lakeside No. 70," prepared by the Lakeside Chemical Company in Chicago, is far •

superior to balsam as an adhesive. It Is convenient and economical to use, sticks

very tenaciously to glass, and does not, as Is often the case with balsam, present

the diflficulty of being too soft or too brittle.
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SUMMARY

1. Fossil plants referable to the genus Tefjipskya have been known for over

a century from European localities including England, Bohemia, and Russia. More

recently a number of species have been described from northwestern United States.

2. The Tcnipskya trunk (false-stem) is composed of many branching slphon-

ostelic stems held together by a dense mass of small, diarch, branching, sclerotic

roots. Over 200 stems have been found composing the trunk of some specimens.

3. The specimens described in this report were collected In southeastern

Idaho chiefly In the vicinity of Wayan, and have weathered out of the Upper

Cretaceous Wayan formation. Other specimens have been obtained from a locality

east of Ammon, Idaho.

4. The largest specimen measures 16 inches in diameter although fragments

of others suggest a somewhat greater maximum size. It is calculated that a trunk

10 inches in diameter attained a height of approximately 12 feet, while the largest

ones may have reached heights of 19 or 20 feet. The trunks were erect or very

nearly so.

5. In transverse section the trunks vary from circular to strongly flattened,

although in nearly all cases the departure of the petioles indicates radial symmetry.

It seems very likely that the flattening has been caused by crushing prior to

silicification.

6. In larger trunks the basal portion consists of roots only. As the stems in

this region decayed their place was taken by roots.

7. Lateral and longitudinal growth took place by frequent branching of the

individual stems, one of the two usually soon ceasing to grow. The leaves were

small judging from the relatively minute size of the petioles, although they were

very numerous on the trunk as a whole. The leaves were given off in two rows

from each stem and probably were borne over two-thirds or more of the length of

the trunk instead of only in a crown as in modern tree ferns and cycads.

8. A detailed consideration Is given of the organization and apparent physi-

ology of the roots.

9- Comparisons are drawn between certain living species of Hi'niUdici and

Toi/ca as well as a Carboniferous Clcpsydropm, The highly peculiar anatomical

organization of Tcmpskya does not compare closely with that of any other fossil

or living plant although those mentioned above, among others, seem to present a

similar "growth tendency" which apparently originated independently in a number

of fern groups.

10. A synopsis (taken from the works of Read and Brown, and Arnold) is

given for the better-known American species, and all of the specimens on which

this paper is based are referred to Tcmpskya Wcsselii Arnold. It seems clear that

all of the American species were closely related and very similar in general habit.

11. Spores and sporangial annull have been found in two specimens.

12. Associated with the Tcmpskya trunks in the Wayan district arc fragments

of coniferous and dicot woods, and a specimen of a cycadeoid.
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Explanation or Plate

rLATF 15

Fi^. I. A rcprcscnrntivc view of the hills southeast of Wnyan, Td.iho. Numerous
specimens were fouiul alon^; the slope in the center, and on the left slope of the liill in

the background.

Fii;. 2. Mr. Henry Thomas and a portion of his Tcmp\kya collection. Wayan, Idaho.
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EXPI-ANATTON OF PlATE

rLATK 16

Fig. 3. A specimen of the basal end of a trunk showing roots only; basal circum-

ference of specimen 36 inches, upper circumference 32 inches. This specimen differs from
most In that the under side of the base Is uniformly hollowed, forming a large single

cavity with a maximum depth of about 1 inch in the center. Thomas collection.

Fig. 4. A portion of a trunk showing somewhat more rapid tapering than is usual in

one of this length; basal circumference 29 inches, upper circumference 24 inches, length

13 inches. Thomas collection.
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Explanation of Plate

PLATE 17

Fii;. 5. A basal portion of a trunk nearly circular at the bottom :ind somewhat
tlattcneJ above.

Fig. 6. A view of the under side of the base of the same. Henry Shaw School of

Bot;iny collection, T83.
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Explanation oi Plate

PLATE 18

Fig. 7, A typical specimen of the base of a trunk, composed only of roots; circum-
ference at upper end 23 inches. Thomas collection.

Fig. 8. One of the two specimens in the entire W'ayan collections which shows any
appreciable curvature; lower circumference 23 inches, upper circumference 11 inclies. In
transverse view this specimen is somewhat flattened, the diameters of the upper end being
4^ X 8!4 inches respectively. Thomas collection.
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Explanation oi Pi. ate

PLAIT- 19

Trunk (disc) spcclniens of Tcnil^kya sliowini; tlic flattened form in which many are

found.

Fig, 9. A rather large and unique specimen in that it is crescent-shaped in transverse

view. This is a short disc, the major and minor diameters measuring 13 x 6.5 inches.

Henry Shaw School of Botany collection, T229.

Fig. 10. End view of three disc specimens from the Thomas collection showing
varying degrees of flatness in transverse section. The specimen at the left is not a complete
disc, the side at the bottom of the photo representing a broken surface. Dimensions of
the (transverse) ends shown In the photo arc: left, circumference 17 inches, diameters

7x2 inches; middle, circumference 17*4 inches, diameters 6^ x 3 ^4 inches; right, cir-

cumference 17 inches, diameters 7x3 inclies.



Ann. Mo. But. Card., Vol. 34, 1947 Plate 19

ANDRFVS& KERN—IDAHO TEMPSKYAS



[Vol. 34. 194/

168 ANNALS OF THE MISSOURI BOTANICAL GARDEN

Explanation' or Plate

PLATE 20

Fig. 11. An older root showing youni; root li:ilrs produced on the "loop** of the
outer cortex. From slide 1406, x 70.

Fit;. 12. Root-hair development of smaller root. From .slide 1406, x 80.

Fii;. 13. Stelar structure of a root in which xylem, pliloem, pericycle and endodcrmis
are dlstin.^u;shabIe. From slide 1411, x 175. Detailed description in text.

Fig. 14. A portion of the root mass showing various stages of preservation in ad-
joining r(x>ts, some perfectly preserved, others with merely the circle of sclerotic middle
cortex remaining, thus indicating that roots were not all alive but in various stages of
decay at the time of fossilization. From peel T53-4, x 17.
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I

Explanation o\ Pi ate

PLATE 2!

Fig. 15. A small root which has penetrated a stem and is hearing a root hair, indi
catcd by arrow. Fri>m slide 1409, x 48.

Fig. 16. Enlarged view of the rout hair in fi^;. 15, x 2R0.

T\^. 17. A young root with just the hcginnini^s of a sclerotic middle cortex, and the
delicate outer cortex complete. From peel T53-2, \ 50.

Fi>;. 18. A very small, but older root, as indicated by the sclerotic middle cortex
From peel T17-11, x 80.

Fifi. 19. An older root showing; the tangential rows of sclerotic cortical cells and
the "loop*' produced by the disappearance of the dehcate outer cortical cells. From peel
T17-8, X 53.

^
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Explanation or PiATr

PLATF 22

Figs. 20 and 2L Two stems found in peel Tl 7-7, illustrating the variation in stelar

size in a single trunk erection. The large stem shown in fig. 20 hears two leaf traces, a and

h. A third one (c) may be seen to be nearly ready to depart from the stem stele. Both

figures x 20.

Fig. 22. A stem showing unequal dichotomy, from peel T3 3-2, x 20.

Fig. 23. One of the spores found down among leaves and stems in specimen Tl6.

From slide 1400, x 500.
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EXX^LANAIION OF PLATE

ri.ATE 23

o

Fii;. 24. A specimen from tlic Thomas collection, wIili 192 sterns present in Its aren

£5^2 ^ -^ Inches. The specimen was from % to lYz inches thick.

Fig. 25. A much flattened disc specimen (T27) which measures 3 J/2 x % inches in

transverse section at the top, and 4]/2 inches in length.

Fig. 26, A flattened tip specimen (T2) wliich measures GYz x 1 J/2 inches in trans-

verse section at the base and 2% inches in length.

Fig. 27. A tip specimen (T230) which measures 6 x 3 J/2
inches at the base and 12

inches in length.
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ExpLANAiioN OF Plate

I'l ATE 24

FI>i. 28. Transverse view of paVt of a Tcml^kya trunk showing atout 26 stems

From pcci T51, C, Tl3, x nearly 5.

I
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Explanation of Plate

PLATE 25

rig. 29. A partially dissected specimen of the modern Ucfnifclia crcmilata. From:
Sclioutc, J. C, Fine neuc Art dor Stammesbildung im Pilanzenrcich {Hcn/itt'Iia crcimlata

Mett.). Ann. Jard. Rot. Ruitenzorg, pi. iQj fi^. a. 1906.



Ann. Mo. Bot. Gakd., Vol. 34, 1947 Plate 25

t

I
Eh

5=

I
^* ii

' >K-

m

<i.- .-

'^^-

V' ^, »^.->.

\'i
-t

•M^'-

:m

\

' I-

1 9^i ^A. ^ '

^.

*^"'..-
^^

^1

> F^

^ A/

:3*
-TO

:»-?;

ll>.
t ^ *

K,: M
s^-^ *

*AV

?
>?

Ai,*V'

.MW-

^ :k

i^^-

^ ..

' *

-ifci

i

29

ANDRF.WS& KERN—IDAHO TEMPSKYAS



[Wn. 34, 1947]

180 ANNALS OF THE MISSOURI BOTANICAL GARDEN

ExPLANAiioN oi Plate

PLATE 26

Fig. 30. A profusely branchini; specimen of the modern HemitcVta Swithii from
New Zealand. From: Buchanan, J., On a remarkable branching specimen of Hfmifclia
Sntif/tii. Trans and Proc. N. Z. Inst., pL 22. 1886.
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Explanation or Pi ate

riATF. 17

Figs. 31, 32. Transverse and tangcMuial sections respectively of a specimen of coni-

ferous wood {Ciiprcssiftoxylon sp.) found associated with Tcmpskya cast of Wayan, IJaho.

Fig. 31 from slide No. 1474, specimen T8, x 62; fig. 32 from slide No. 1475, specimen
T8, X 62.
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Appendix

SOMECOMMENTSONTHE DISCOVERYOF TEMPSKYAIN THE VICINITY OF
WAYAN, IDAHO

r>y C. IIEXRY THOMAS

In answer to your request I have included in the following lines a brief histor-

ical sketch of my Te77ipskya~co\\ecting activities In the Wayan district.

I located in that part of the state in May, 1915, having migrated from the

Scottsbluff country in Nebraska where I was raised on the frontier. Mine has

been pretty much of an outdoor life. I was born in a one-room sod house in a

still untamed country and have herded sheep or otherwise worked with livestock

ever since the age of seven. As a bo) T roughed and toughed it on the wind-swept

prairies of western Nebraska, which were then treeless and monotonous with not

even a shrub in sight. But since then they have been put under irrigation and

become most productive and desirable.

After locating in the Grays Lake country of Caribou County I became occu-

pied as a sheep herder and was naturally attracted to the odd and out-of-the-

ordinary petrified fossil remains which are frequently seen on the range. At the

time I did not know whether they were plant or bone, or in fact what they were;

It was evident only that they were fossil remains. If bone It seemed most likely

that they were saurians, or lizard-like reptile remains, and if plants, I had no idea

of their origin.

Most of us arc born with a sense of curiosity. We like to pry into the un-

known. There are charms in new ventures, and thrills in first discoveries. More-

over, most of us are pack rats. We like to accumulate, although not many become

enthralled with rocks.

I started gathering specimens in a small way almost simultaneously with my
arrival on the Williamsburg bench. Later, as my collection had grown to a size-

able extent this matter became noised abroad, bringing a number of mineral

collectors and rock-hounds from far and near. But no one knew what they were.

Myths and tales precede scientific knowledge. The human mind wants an ex-

planation. And such settings gave birth to wild and fantastic tales. In one In-

stance a certain oil-stock promoter, on visiting Mr. Sam Sibbctt*s ranch, claimed

to be able to trace the outline of some huge bird which was of such gigantic

proportions that It could seize an elephant by the nape of its neck! Such were the

earlier local concepts of these interesting fossils that we later learned were petrified

Tree fern trunks.

In the fall of 193 6 I read in the Pathfinder of Mr. Roland W. Brown being

associated with the Smithsonian Institution and doing paleontological work in

Idaho and other far western states, so I sent some specimens to him for identifica-

tion. Mr. Brown informed me that they were the so-called Tempskyas, or the

petrified remains of a peculiar fern of the Cretaceous period.

Mr. Brown contacted Mr. W. W. Rubey (also of the U. S. Geological Survey)

and as a consequence Mr. Rubey, who was doing field work on the Wyoming side
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during the .summer of 1937, came over to Investigate. He expressed surprise at

the abundance of Tempskyas in this region, and also took a number of leaf imprints

of semi-tropical plants found in sedimentary rocks adjacent to grounds where

Tempskyas weather out.

In August, 193 8, Mr. Brown and Mr. Carl Mummcame to study the Temp-

skyas and the stratification of the beds out of which they weather.

Mr. W. A. Peters of Jerome, Idaho, who, of all rock-hounds, undoubtedly has

the largest and most diversified collection In the state of Idaho, paid a visit In the

spring of 1942 and brought with him Mr. Henry N. Andrews of the Missouri

Botanical Garden, St. Louis. Mr. Andrews came at a favorable time of the year,

when the snow was gone and there w^asn*t much vegetation to hide rocks, and the

ground was soft so that they could readily be pried out with a wrecking bar,

Paleobotanists know best how to appreciate plant remains of past geological ages.

All those who have visited here have appeared to be highly interested and have

commented on the excellent state of preservation of our Tempskyas.

During the summer of 1943 I herded sheep for Mr. Emil Stoor on ground

adjoining my former holdings to the north and east, and that is when I really

found most of my larger and better specimens.

This is an ever-changing u^orld. Fossils are the evidence of the existence of

former forms of plant and animal life. Scientists by tracing these clues endeavor

to read the history of the earth's past geological transformations. Nothing just

happens. Everything is the result of preceding forces. A rock is the product of

nature's workings In the past.
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MONOGRAPHOF THE NORTHAMERICANSPECIES OF CORYDALIS^

GERALDBRUCEOWNBEY^

Introduction

My attention was attracted to the genus CorydaUs of the family Fumariaceae

some years ago, since it seemed to offer many unsolved problems in the systematic

Interpretation of various species. The genus had received no special attention

from any American botanist since the time of Engelmann and Gray, and the pro-

posal of nearly forty new names for members of the genus in America by Fedde

during the early years of the present century had made it imperative that their

proper status be determined so that scientific literature no longer would be encum-

bered with superfluous nomenclatonal terms.

A great volume of herbarium material has been available, in the study of which

I have attempted to make full use of classical methods. In addition, it was felt

that field studies would help in the understanding of some of the more difficult

species. With this in view a six-wceks field trip was made through the western

United States during the summer of 1946.

I have attempted to view all species in the light of modern concepts of specia-

tion. Population studies of one species have confirmed the presence of minor

measurable differences between inbreeding colonies of this species, even those not

widely separated geographically. I also have had opportunity to grow several

species under greenhouse conditions and to test the stability of minor variants.

Further work along these lines doubtless would do much in clearing up obscure

problems not amenable to standard methods of the herbarium taxonomist.

^An investigation carried out at the Missouri Botanical Garden and submitted as a thesis in partial

fulfillment of the degree of doctor of philosophy in the Henry Shaw School of Botany of Washing-
ton University.

^Instructor in Botany, University of Minnesota, Minneapolis,

Issued October 31, 1947.
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History of the Genus

Linnaeus^ included all of tlie species of fumariaceous plants known to liim in

tlie single polymorphous genus Vnmaria. The subsequent subdivision of this

heterogeneous group of plants was left to later authors who attempted to revive

names of pre-Linnacan botanists in something resembling their original sense.

The nomcnclatorial complications of the generic name Corydalis have been in-

vestigated by Spraguc^, from whose account the following discussion largely is

abstracted. The name has been used in two distinct senses as follows:

(1) Corydalis [Knaut, Meth. PL 153. 1716; Dill. Cat. PL App. 129. /. 7.

ticab

1763 (Cystica

I

1791), and is based

upon Tumaria vcsicaria L. This monotypic genus sometimes is united with Cory-

dalis Vent., but in the opinion of students of the family, such as Hutchinson and

Feddc, it should be retained separately. As the fruit of Cysticapuos is inflated and

bladder-like, it seems probable that sufficient grounds exist for segregating the

species gencrically from Corydalis.

(2) Corydalis Vent. Choix de PL /. ig, 1803. [Capnoidcs Tourn. Inst. Rei

Herb, 423. /, 237, 1719]; Capnoides Adans. Fam. PL 2:431. 1763, Ventenat

treated only a single species, Corydalis fitngosa (Adlnmia fungosa Greene), which
is now universally recognized as a separate genus. The generic name, however,

must be credited to Ventenat, even though the single species is referable to

Adliiwia, since the author states in a footnote that his generic concept is founded

upon that of Tourncfort, who described and figured Corydalis sempcrvircns (as

Capnoides sempcri'irens).

Because of the widespread acceptance of the name Corydalis in its modern sense,

perhaps occasioned by its adoption by de Candollc in his monumental works^-*,

the International Botanical Congress of Vienna conserved it over Capftoidcs Adans.,

Cisticapfios Adans., Ncckeria Scop., and Vseudojumaria Mcdik. The conservation

of Corydalis has insured its permanent use, and has precluded the revival of any
other generic name which otherwise might supersede it.

General Morphology

The aerial parts of Corydalis arc succulent, and annual or biennial in all of our

species. The glaucous foliage and finely dissected leaves give a characteristic

aspect to the plants.

In distinguishing sections and species, greatest Importance Is attached to the

morphology of the outer petals, stigma, fruits, seeds, and underground parts. An
account of the peculiarities of structure and the special terms used in referring to

them is given, therefore, In the following discussion.

^Linnaeus, Sp. Pi. 2:700. 1753.
^Spraguc, In Kcw Bull. Misc. Inf. 1928:351. 1928.
^DeCandolle, Reg. Vcg. Syst. Nat. 2:113. 1821.

*DcCandolle, Prod. Syst. Nat. \:{26. 1824.


